Supplementary Methods

A. Reduced dimensional Hamiltonian and basis set expansion
The time-dependent quantum wave packet calculations employed the eight dimensional (8D) model for the X+YCZ3 reaction by restricting the non-reacting CZ3 group under C3V symmetry 1, 2 The BF total angular momentum basis functions are defined as
where is the parity of the system and ̅ (̂) is defined as
with M and K being the projection of total angular momentum ̂ on the z-axis of the space-fixed and body-fixed frames, respectively. ̅ (̂), the Wigner rotation matrix, depends on Euler angles which rotate the space-fixed frame onto the body-fixed frame and are the eigenfunctions of ̂2 . The spherical harmonics 
B. Cumulative reaction probability and thermal rate constant
The cumulative reaction probability ( ) for a specific initial wave packet for a whole energy range can be calculated from the time-independent wave function on a second surface located at = , the total cumulative reaction probability ( ) can be simply calculated as
In this study, we only calculate the cumulative reaction probability ( ) for ( ) is the rotational partition function,
is the symmetry number.
C. Numerical parameters
The wavefunction is propagated using the split-operator propagator. An L-shaped wavefunction expansion for and r was used to reduce the size of the basis set 3 .
For the H+CH4 system, a total number of 120 sine basis functions covering a range from 0.5 to 15.0 bohrs were used for with 80 grid points in the interaction region. In the transition state wave packet calculations 6 , the vibrational eigenfunctions on the first dividing surface (through the saddle point) were solved using a smaller basis sets than those described above. A total number of 20 sine basis functions covering a range from 0.5 to 3.5 bohrs were used for . A total number of 40 transition-state wave packets were used in order to obtain the cumulative reaction probabilities shown in Fig. 3(c) .
